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INTRODUCTION 
Morphologically, a tissue is a group or a mass of cells or 
vessels, alike in origin and function. The tissues may be grouped 
into two principal groups- 1. Meristematic tissue; 2. Permanent 
tissue. 
A meristematic tissue consists of a group of cells which 
remain in a continuous state of division. 
The permanent tissues are those in which growth has stopped 
either completely or wholly. It may be simple or complex. The 
simple tissues are- Parenchyma, Collenchyma and Scleremchyma. 
A complex tissue is made up of more than one type of cells 
working together as a unit. E.g. Xylem and the Phloem. 
Xylem is a conducting tissue, which conducts water and 
mineral nutrients upward from the root to the leaves. It is also 
meant for mechanical support to the plant body. 
Phloem is a principal food conducting tissue of the vascular 
plant. 
I did my graduation in Biology stream. I was inclined tow ards 
biological topics, Botany had been my favourite subject. 
Phloem has a very important role in vascular plants as food 
conducting tissue. Now a days lots of research is going on this 
field. So I decided to take this topic for my dissertation. 

BIBLIOMETRICS 
The word bibliometrics is derived from the combination of 
Latin and Greek word bibhon, meaning book paper. On the other 
hand the word metrics indicates the science of met re i .e . 
measurement and is also derived either from the Latin or Greek 
word metrics or metrikos each meaning measurement . So 
bibhometrics connotes the science of measurement pertaining to 
books or documents. 
'Bibliometric' is relatively a subject of recent origin it is that 
branch of information science which lies between the border areas 
of the social and physical sciences. 
Bibliometrics is now being vigorously pursued and with result 
it has been found that one fourth of all the articles published in 
Library and information science periodicals are on bibliometrics 
and its related topics. 
It is a quantitative study of various aspects of literature on 
topics and is used to identity the patterns of publication authorship, 
citations and/or secondary journal coverage with the objective of 
getting on insight into the dynamics of the growth of knowledge 
in the areas under consideration. 
Bibliometrics today has attained sophistication and complexity 
having national, international and interdisciplinary character. 
Pritchard and Witting compiled a bibliography on the subject 
comprising 600 entries covering the period 1874 to 1959 which 
incidentally rose to 2032 entries in 1980 as per compilation of 
Hjreppe. In 1982 Hjreppe again published a supplement to his 
1980 bibliography covering 518 items of information. 
The techniques of bibliometrics are simple to complex in 
nature and are not always free from controversy. The basic units 
of bibliometrics are all facets of written communications, such 
as primary and secondary periodicals, articles and abstracts 
published in them, bibliographies articles books, monographs and 
other media of communications. 
Origin:- Bibliometrics was first coined by Pritcltiard in 1969, 
its usage and practice can be tracked back to the second decade 
of this century. 
Cole and Eale'l study on the "History of comparative 
Anatomy part I: A statistical Analysis" is considered to be the 
first bibliometric study. Where for the first time in 1917, the 
expression' Statistical Analysis has been used in the literature. 
Hulme was the first to use the expressions statistical 
bibliography in 1923 and later it was used by many others. Gross 
and Gross's study is considered to be the third study in the field 
based on citations. After Hulme, the term statistical bibliography 
was used by Henkle in 1938 in his article" The periodical 
literature of Biochemistry" and Gosnell in his dissertation in 1943 
and later in his article of 1948. Later Fusseler in 1948 and 
1949 Raising in 1962. Barker in 1966 and Pritchard in 1968 
and 1969 have used the term 'Statistical Bibliography' in their 
work. The historical development of the term statistical 
bibliography has been traced by witting in a foot note. As the 
term was considered very clumsy, not very descriptive, and can 
be confused with statistics itself or bibliographies on statistics. 
Derek de SoUa Price published some of the first 
observations of exponential rate of growth in the number of 
scientific journals. More recently in 1971 Goffman developed 
the Epidemic Theory for the growth rate of specific scientific 
area of activity, Vickery, Clark and others have also illustrated a 
recent applications of this type of analysis. 
Other Analogus Term:- Bibliometric is just one of the many 
sciences whose name ends with "matrics". Many scientists have 
used the term under different names but the concepts were more 
or less supplementary and complemetary to each other with some 
broader and narrower extension of human ideas. 
One name that was used quite early but very scarcely was 
statistical analysis of the literature by Cole, and Eales in 1917. 
While Hulme used the term as 'Statistical Bibliography' in 1923. 
Librametrics:- In 1958 Great Indian library Scientist S.R. 
Ranganathan said that it is necessary for librarians to develop 
'Librametry' under this term he suggested using of mathematical 
and statistical methods for analysis library activities and library 
resources. But this term did not take its place in library science 
and was forgotten for many years. Later. It was called 
'Libramatrics'. 
Scientometrics;- In 1969. Another term 'Scientometrics' was 
given by V.Nalimov & Z. Mulchenko in their book 
"Scientometrics": the investigation of science as according to their 
sceintometrics is a complex of quantitative methods which are 
used to investigate the processes of science. 
Scientometrics is a new emerging discipline which uses 
bibliometric measurement for evaluations of factors like scientific 
progress, levels of scientific development, social relevance and 
impact of the application of science and technology on society. 
Informatics:- The term informatics given by German scientists 
A. Blackert and S. Zygel in 1982 as a newly formed branch of 
Science using mathematical and statistical method to investigate 
scientific and technical information on theoretical level and 
practical information activities. 
Morales describes information as "a kind of scientific 
information activity, at the same time a component par t of 
information science and its studies various metric aspects of its 
study object in order to increase the information activity, 
efficiency of information establishment". 
International Federation of Documentation's (FID) Committee 
for informatics was constituted in 1980. 
DEFINITION:- Many attempts have been made to define the 
term bibliometrics:-
1] Alan Paritcard (1969):- "The applications of mathematics 
and statistical methods to book and other media of 
communications". 
2] Raising (1962):- "The assembling and intepretation of 
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statistics relating to books behaviour pertair^ing to it". 
3] Fairtharne :- "The quar\titative treatment of properties of 
recorded discourse and behaviour pertaining to it". 
4] Br i t i sh Standards Inst i tut ions:- Define, "The use of 
document and patterns of publication in which mathematical 
and statistical methods have been applied." This is basically 
similar to Pritchards original definition. 
5] H a w k i n n s (1977):- in his on line bibl iometr ic study 
in t e rp re t ed Bibliometric as "quantitative anali;sis of the 
bibliographic feature of a body of literature". 
61 N icho las and Ritchie:- Define, "Bibliometrics...provides 
information about the structure of knowledge and how it is 
communicated. They further added that "Bibliometric studies fall 
mainli; into two broad categories. Those describing the 
characteristics or feature of a literature (descriptive studies) 
and those examining the relationship formed between 
components of literature (behavioural studies)". 
7] P o t t e r :- Defined Bibl iometr ics as "The study and 
measurement of the publication patterns of all forms of written 
communication and their authorship". 
8] Schrader :- "The scientific study of recorded discourse". 
9] Sen gupta :- "Organisation classification and quantitative 
evaluation of publication patterns of all macro and micro 
communications along with their authorship by mathematical 
and statistical calculus". 
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PURPOSE AND SCOPE :- Bibliometric studies are generally 
based on quantitative measurement without any quantitative 
evaluation. Hulme the pioneer of the study of 'statistical 
bibliography' clearly stated the purpose of bibliometrics as "To 
Shed light on the processes of written communication and of the 
nature and course of development of a discipline. 
It provides information about the structure of knowledge and 
how it is communicated. The scope of bibliometrics includes 
studying the relationship with in a literature (citation studies) or 
describing a literature typically, these descriptions focus on 
consistent patterns involving authors, monographs journals or 
subject/language. 
It is a quantitative science and it is divided into two basic 
categories. 
(i) Descriptive bibliometrics (productivity count) 
(a) Geographic 
(b) Time period and 
(c) Disciphnes. 
(ii) Evaluative bibliometrics (literature usage out) 
(a) Reference count and 
(b) Citation count 
The descriptive bibliometrics further includes' the study of 
the number of publications in a given field or productivity of 
literature in the field for the purpose of comparing the amount 
of production during different periods or the amount produced in 
different subdivision of the field. 
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Indian Contribution to the Development of Bibliometrics 
:-In terms of growth of this subject, India has made many attempts 
and can find a place as an important contributor among the world's 
prominent bibliometrically advanced countries U.S., U.K. Canada 
and others. 
Indian has to being with a FID committee on informations, 
established in Delhi, around 1985, which also promotes 
bibliometric. Many books have appeared dealing with bibliometrics, 
including those by I.N. Sengupta, I.K. Ravichandra Rao, B.M. 
Gupta, S. Subba Rao etc. There are at least dozens of Indian 
scholars who have published their contributes in Indian and 
international sources to the name of a few B. Maheshwarappa, 
B, Guha R. Shalini Urs, B.K. Sen. 
Laws of Bibliometric:- The three fundamental laws which laid 
the formation of bibliometrics are: 
1. Bradford's law of Scattering of scientific Papers 
2. Lotka's Inverse square law of scientific productivity 
3. Zipfs's law of word occurrence 
Some of the other empirical laws are: 
(i) Price's Square root Law of Scientific Productivitv:-This 
law states that "half of the scientific papers are contributed by 
the square root of the total number of scientific authors. In other 
words, N '^'^  sources yield a fraction 1/2 of the items. This 
phenomenon is associated with the occurrence of invisible 
colleges. This law is sometimes called 'Roussean's law' since Jean 
Jacques Roussean had mentioned the same thing quite clearly in 
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his 'Social Contract ' about the size of the elite, i .e. those 
participating in the government. Egghe and Rossean argue that 
Price's law is not generally valid. This can also be treated as an 
extension of the success-brecds-success principle originally 
developed by Simon in 1955. 
(ii) Garfield's Law of Concentration:-Garfield talked about the 
number of journals involved in publishing the literature of a single 
field. He did not say anything about how much the journal in 
one field might overlap with other fields. In fact t he re is a 
significant degree of overlap. Several studies have shown that 
relatively few journals are involved in the publishing of an 
overwhelming majority of the material in a subject. A study 
of the Science Citation Index (SCI) database showed tha t 5 0 0 
journals accounted for 70% of the material indexed in SCI 
in 1 9 6 9 . Almost half of the 3 .85 million references published 
tha t year was found to emanate from only 250 journa l . This 
type of evidence makes it possible to move from Bradford ' s 
law of dispersion to Garfield's law of concentrat ion. 
The law states that "a basic concentration of journals is the 
common core or nucleus of all field". In other words, the tail of 
the literature of one discipline consists, in a large part, of the 
cores of the literature of other disciplines. So large is the overlap 
among disciplines that the core literature of all scientif ic 
disciplines involves a group of not more than 1000 journals. 
(iii) Scnqupta's Law of Biblionietrics:-This is basically an 
extension of the Bradford's law. It states that "during phases of 
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rapid growth of knowledge in a scientific discipline, articles of 
interest to that discipline appear in increasing number of 
periodicals distant from that field". Mathematically Sengupta's 
law stands in the following form: 
f(x+y) = a+b log (x+y) 
Where f(x+y) is the cumulative number of references as 
contained in the first (x+y) most productive journals, x indicate 
number of journals in the same discipline and by stand for number 
of journals of unrelated disciplines (y>x) and a and b are two 
constants. 
Ravichandra Rao summarises other empirical laws in one of 
his papers and those who are interested can go through the 
reference. He has also listed more important bibliometric models. 
Objectives bv Brooks:- i. Design of 
more economic information systems and network; 
ii. Improvement of efficiency rates of information handling 
process; 
iii. Identification and measurement of deficiencies in bibliographical 
services; 
iv. Discovery and elucidation of empirical laws that can provide a 
basis for developing a theory of Information Science. 
On the other hand, qualitative application studies emphasize 
practical utilization of research findings. Some of the finding 
which are fruitful used in library management are: 
i. Identification of core literature; 
ii. Ranking publications in zones of diminishing importance; 
iii. Establishing a transition point between zones of higher and 
lower utility; 
iv. Tracing the spread of ideas as study of epidemics; and 
V. Classifying segments of literature through inter connection co-
citations 
Two more points added by Susan Artandi. They are: 
i. Determination of the impact value of a given document; 
ii. Location of the criticisms of published results of research 
and experiments. 
Some of the above points will be discussed while examining 
the application of citation analysis. Whatever may be the type of 
study, Burton id go opinion that the product of bibliomatric 
analyse productivity of his or her own staff and how it compares 
to other comparable units, and 
iii. To the research analyst may wish to define a new research 
project or compare his or he own progress to that of broader 
spectrum-such as other institutions, related disciplines, or other 
nationalities. 
3. BIBLIOMETRIC LAWS -.-The three fundamental laws which 
laid the formation of biblometrics are: 
1. Lotka's Inverse Square Law of Science Productivity: 
2. Bradford's Law of Scattering of Scientific Papers; and 
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3. Zipf s Law of Word Occurrence. 
1. Lotka's Law:- In 1926, Alfred J. Lotka proposed his inverse 
Square Law correlating contributors of scientific papers to their 
number of contributions. His law provided fundamental theoretical 
base for bibliometric studies involving authorship . He was 
interested in determining "the part which men of different calibre 
contribute to progress of sc ience" . For this, he checked the 
decennial index of 'Chemical Abstracts' 1907-1916 and counted 
the number of names against which appeared 1,2,3 etc., entries. 
He tabulated the data for 6,891 names beginning with letter 'A' 
and 'B' Similarly the data from the Auerbach's Geschietftafeln 
der physic was also collected for the 1325 physicists, Lotka then 
plotted the graph on the logarithmic scale, the number of author 
and he found that in each case the points were closely scattered 
about a straight line, having slop of approximately two one. On 
the basis of these data. Lotka deduced a general equation, for the 
r e l a t ion be tween the frequency 'Y ' p e r s o n s making 'X ' 
contributions as follows: 
X" .Y = constant 
and for the special case n = 2, the constant is 0 .6079. Further 
summarised the results as follows. 
"In the case examined it is found that the of persons 
niaking 2 contributions is about one-forth those making one 
contribution, the number making 'n' contributions is about 1/ 
n^ of those making one and the proportion of all contributions 
is about 60 percent". 
11 
In other words, for every 100 authors contributing one 
article, 25 will contribute two articles, about will contribute 3 
article and will contribute 4 article, and so on. Through, the law 
was based on the study of chemistry and physics literature later it 
has generated much interest and attracted the attention of 
researchers and it has been applied and tested in many other 
fields. 
The graph being as rising curve API and then continues as a 
2. Bradford's Law of Scattering:-Samuel Clement Bradford, 
another pioneer of bibliometrics, should be considered for his 
classic paper "Sources of information on specific subject," 
which is the paper published on observations on scattering 
Bradford examined two bibliographies prepared in the Science 
Library (Britain) on Applied Geophysics (1928-31) and 
Lubrication (1931-32) and he prepared lists of journals arranged 
by decreasing order of source items contributed by the journals 
to the bibliographies. He noticed that in each subject there were 
a few very productive source, large number of sources constantly 
diminishing productivity. The whole range of periodicals was thus 
seen as "a family of successive generations of diminishing kinship, 
each generation being greater in number than the preceding, and 
each constituent of generation producing inversely according to 
its degree of remoteness." 
In the list of periodicals by diminishing productivity, Bradford 
identified three groups of periodicals that produced approximately 
the same number of articles on the subject, but the number of 
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periodicals in these three equiproductive zones increased by a 
constant factor. Based on this he started his law as follows: "If 
scientific periodical arranged in order of decreasing productivity 
of articles on a given subject that may be divided into a nucleus 
of periodicals more particularly devoted to subject and several 
groups or zones containing the same number of articles as the 
nucleus when the number of periodicals in the nucleus and 
succeeding zones will be as l:n:n^. 
LOGn 
Bradford also plotted graphs of the cumulative number of 
source items R(n) versus the logarithm of the cumulative number 
of journals (log n). The resulting graphs for applied Geophysics 
and Lubrication were similar to the graph shown in Fig. 1 . Such 
a graph, is sometimes called as Bradford bibliograph 
The graph being as rising cruve API and then continues as a straight 
line. The rising part of the graph represents the number of highly productive 
journals. The point pl,p2 and p3 on the biblograph are the boundries of 
three equiproductive zones in which the same number of articles as the nucleus 
(represented by OYI) = yi,y2=y2y3) derived from an increasingly larger number 
of journals (represented by OXI, X1,X2,X3,X5). The law attracted the 
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attentioin of many researchers in the field and has been the main topic of 
many articles in the literature. 
3. Zipf s law of Word Occurence:-Zipf's developed and extended an 
empirical Law, as observed by Estoup, governing a relation between the 
rank of a word and the frequency of its appearance in long text. If 'r' is the 
rank of the word and 'f is its frequency, then mathematically Zipf's law 
can be stated as follows: 
rf == c, where 'c' is a constant 
His law states that in a long textual matter is words are arranged in 
their decreasing order of frequency, then the rank of any given word of the 
text will be inversely proportional to the frequency of occurrence of the 
word. Thus, these three laws are respectively based on (i) number of authors 
contributing in a discipline or other field; (ii) distribution of articles in a set of 
journals; and (iii) ranking word frequency in a particular set of documents. 
APPUCATION OF BIBLIOMETRIC LAWS-
Bradford's Law;- The statistical regularity, pointed out by Bradford's law 
provides an objective means of determining zones of relative richness or 
value to given kind of library collection. This has implications to 
the acquisition process in library. A library can safely stock the 
journals which belong to the core or nuclear zone. It is advisable 
to extend the purchase list to the next zones till the budget 
limits. If at all the budget is elastic, a point will be reached at 
which it would be desirable to obtain copies of articles in the 
journals on demand rather than subscribing to the journa ls 
Lancaster provides an excellent hypothetical example of applying 
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Bradford's law in periodical collection building, v;hile discussing 
the principle of diminishing returns. Brookes is of the view that 
if the total expenditure on periodical provision is limited to the 
fraction ' f of the sum needed to cover the subject completely, 
the buying of periodicals may be supplemented by the buying of 
photocopies of the relatively few relevant papers published in 
the peripheral periodicals. 
While preparing bibliogaphies we are faced with the problems 
of coverage, the journals that are to be scanned etc. Bradford's 
distribution can be fruitfully used to estimate the total size of 
bibliography and the periodicals that should necessarily be included 
in the list of items to be covered. 
On the application side of this law, the studies of Goffman 
and Morris and Ravichandra Rao are significant. Goffman and 
Morris found that the pattern of journal usage in the Allen 
Memorial Library follows a Bradford distribution. Rao, through 
his analysis of circulation date collected from six Canadian 
Universi ty Librar ies , proved that the rank distr ibution of 
transactions follow a Bradford distribution. Bradford's law is very 
much akin to the Pareto's law relating to wealth distribution and 
the 80:20 principle used in warehouse management and the 
Mandelbrot distribution. 
Naturally this law is applied to study not only the scattering 
of publication, but also in other spheres of activity also. A study 
conducted by Garg and Lalitha Sharma of R & D indication in 
Indian industry using Bradford's law bears testimony to this 
15 
fact. By analysing the R & D expenditure of 452 in-house R & D 
units in different sectors of the Indian industry, they had identified 
19 in-house R & D house as the core, 60 as the medium and the 
rest as small. As compared to medium and small level in-house R 
& D units, there is a heavy concentration pf manpower deployed, 
papers published, patents filed, processes/products developed in 
the core in - house R & D units. This shows the superiority of the 
core not only in the R & D expenditure but also in other 
yardsticks too. 
Zipf's Law :-Zipf's law can be effectively used in the generation 
of semiautomatic or automatic indexes useful for an information 
retrieval system. Its use has increased tremendously with the 
emergence of na tura l language indexing of textual matter 
especially in electronic form. Several studies aimed at finding 
out the pat tern of frequency distribution of descriptors of a 
thesaurus and the distribution of indexing terms are available. A 
prominent one among them is that of Fedorowicz. 
Zunde and Slamecka have developed a function for the 
optimum distribution of indexing terms by the number of postings. 
This should make it possible to t ransmit informat ion with 
maximum efficiency. 
Zipf's law provide a measure of the richness in vocabulary of 
an author. This technique can be used for deciding the correct 
authorship of disputed works. For example, if there is difference 
of opinion as to the correct author of a work, the word 
predilections of the attributed authors can be analysed either 
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manually or using a computer. Once the frequency of occurrence 
of favourite words are decided, the disputed text can be analysis 
to see similarity and there by decided the author conclusively. 
The law is also used for identifying words more frequently 
used in different foreign language. The words are taught first in 
the instructional programmes of foreign language. 
Emile C. white observes that the superimposition of the 
Bradford distribution over the linear Zipf distribution, which 
demonstrates the emergence of more used and popular items may 
yield a technique to describe the pattern of book use by library 
pa t rons . She feels that appl ied to circulation da ta , t h e s e 
formulations can support such policies as shortened loan periods 
for heavily used books and the identification of a core collection. 
Lotka's Law :-Lotka's proposition led to a whole amount of 
studies on scientific productivity. Such productivity studies have 
gained momentum in the post-second world war period. This in 
fact, has culminated in the rise of a new discipl ine called 
Scientometrics. Scientometrics is defined as the study of the 
measurement of scientific and technological progress. It provides 
an understanding of the structure of scientific activity, the 
disciplines being researched, the organizations involved, the 
s t rength and deficiency in the scientific g roup and the i r 
communication channel at different levels of aggregat ion . It 
follows the trajectory of econometrics in the use of quantitative 
data, concepts and models and extensive use of mathematical and 
statistical techniques of modelling and data analysis. 
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Scientific productivity studies have been made from different 
angles. Impact of social change on scientific productivity, 
relationship of publication output on scientific recognition, 
identification of elites in different disciplines, occurrence of 
discoveries in different cultures etc. are some of the approaches 
made in this line. 
An interesting study of scientific productivity made three 
decades back is that of Yuasa's. Yuasa's was a statiscian, whose 
statistical study of the scientific achievements in various countries 
showed the shifting of the world scientific dominance from one 
country to another. He found out that this dominance shifted from 
Italy to Britain, then to France, from France to Germany and 
finally to USA in the 20th century. 
Price, who had traced the development of science since 
Babylon and ploted the growth of big science from little science 
had observed that Lotka's; law applied equally well to the 
productivity of scientists in the 17th as well in the 20th century. 
This meant that majority of publications-emanated from a handful 
of people. We have already seen this as Price's square root law. 
Similarly, the conclusion of an extensive review of early studies 
of scientific productivity made by Narin was that scientific talent 
was highly concentrated in a limited number of individuals. 
For a comprehensive treatment of the application of 
bibliometric laws, readers are advised to refer to Egghe and 
Rossuean, albeit, abound in mathematical expressions. 
Bibliometric Measurements :-The bibliometric measurement are 
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derived from the concept of Citation indexing. It was based on 
the English Legal System, which operates under the doctrine of 
stare deisis precedent, on the basis of which Garfield developed 
'Science Citation Index, Social Science citation index and arts 
and humanities index. 
Direct Citation Counting :-Citation counting is technique that 
determines how many citations of a given document, author, 
journal etc., has received over a period of time, originally used 
by Gross and Gross. The rationale for is that citations are objective 
indicators of use and therefore an article, author, journal that 
frequently cited is more useful or productive, as the case may be, 
than one that is less frequently cited. In order to offset the 
limitations of citation counting, some modified measures have 
been suggested. The 'impact factor' and 'immediacy index' are 
two such measures. Garfield, who coined the term impact factor 
defines it as "the ratio the number of times a journal is cited in a 
given time period to the total number of source items published 
in the journal, during specified period of time". The impact factor 
is a measure of frequency with which the average of cited article 
in a journal has been cited in particular year. It offset of age, 
size the frequency of a publication of journal on the frequency of 
citation. The immediacy index is method of showing the frequency 
with which a material received by the articles during the year to 
the number of articles published. Recently, first has suggested 
the discipline impact factor (DIF), a method of determining core 
journals for discipline, which is similar to the impact factor, which 
measures of the given discipline. 
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Bibliographic Coupling :-The concept of bibliographical 
coupling was first suggested by Fano, but Kessler elaborated, tested 
and coined the term. It is number of common references cited in 
two document that indicates the degree of similarity of contents 
of the cited papers. Two source documents containing a large 
number of common references are said to have high coupling 
strength are likely to be on the same topic. It observed that the 
concept of relationship has certain drawback and not seem to be 
a valid unit of measurement because if' two papers are citing a 
third paper, they may or may not be cited an identical piece of 
information of third paper being cited. Further Tagliacozzo is of 
the opinion that "the fact that two papers have reference in 
common is no guarantee that both papers are referring to the 
same piece of information. So, it merely an indication of the 
existence of the probability of relation between two documents". 
Co-citation :-The concept of Co-citation was for first time 
suggested independently by Small and Marshakova almost 
simultaneously in 1973 and later developed by Small, who 
proposed a new method of analysing citations, to generate clusters 
of related papers. The number of times two papers are cited 
papers. Co-citation is dynamic measure in that co-citation strength 
of cited papers can be subsequent literature. But one of the 
disadvantages of co-citation technique is that, it requires 




We know that the body of all living beings is made up 
of cells. These cells are arranged in different groups and 
they perform particular functions for an organ; for example, 
some cells undergo division resulting in the formation of 
more cells. In this way, they bring addition of more cells, 
which increases the shape and size of a particular organ 
and thus growth of an organism takes place. 
TISSUE:- Tissue is a group of cells having identical 
origin, structure and performing a specific function. 
According to shape, size, structure and function, plant 
tissues are of two kinds:-
(1) Meristematic tissue or Growth tissue, and 
(2) Permanent tissue or Conducting tissue 
(1) MERISTEMATIC TISSUE:- The. cells of a meristematic 
tissue are thin walled, with a large nucleus in the centre, 
without intercellular spaces and filled with dense 
protoplasm. These cells of meristematic tissue bring growth; 
that is why these are found in the growing zones of a 
plant such as at the tips of roots and stem, at the base 
of monocot leaves and in thin layers also the sides of stem 
and roots. 
(2) PERMANENT TISSUE:- As it is clear by the name, 
these tissues perform permanent functions. These tissues 
are made up of those cells which don't have the power 
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of division. The cells of this tissue have definite size and 
shape, and these cells may be living or dead. 
According to structure and function, permanent tissue 
are of two types: 
(1) SIMPLE PERMANENT TISSUE OR SUPPORTING 
TISSUE 
The cells of this tissue are similar in all respects, i.e. 
origin, structure and function. These tissue support the 
plant so these are also called supporting tissue, such tissues 
are of three types: 
A. Parenchyma Tissue; Parenchyma cells are living cells, 
having thin walls with intercellular spaces, prominent nuclei 
and large vacuoles. Such tissues store food and provide 
support. These are found in stem and root. 
B. Collenchvma Tissue; Their cells are living cells, oval 
or polygonal in shape, thick at the corners due to the 
deposition of cellulose and pectin. This tissue helps in 
making food when chloroplast is present. CoUenchyma 
tissue is found in leaf, stalk and stem. 
C. Sclerenchvma Tissue: This tissue has dead cells 
whose walls are thick and have the deposit of lignin. These 
tissues are found in stem, root, leaf, hard covering of seeds 
and some times in fleshing parts of fruits. 
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(2) COMPLEX PERMANENT TISSUE OR 
CONDUCTING TISSUE 
A. XYLEM:- It consists of thick walled, elongated cells 
called tracheids and cylindrical cells called vessels. Xylem 
cells provide passage for the upward transport of water and 
dissolved mineral salts from the soil. 
B. PHLOEM:- Phloem is the principle food conducting 
tissue of the vascular plants. It is a complex tissue and 
is composed of several kinds of cells concerned with 
different functions. It is generally made up of sieve-
elements, parenchyma,fibres and sclereids. In some casuists, 
parenchyma, fibres and sclereids. In some cases laticifers 
and various types of idioblasts, specialized morphologically 
and physiologically, also constitute this complex tissue 
system. 
Phloem is a delicate tissue and possesses peculiar 
histochemical properties. The phloem cells other than the 
fibres and sclereids, do not develop such rigid, persisting 
walls as the xylem elements. The sieve-elements which are 
directly involved in the food translocation, remain delicate, 
during their functional period. Later, when the phloem 
ceases to act as a conducting tissues, the sieve-elements 
become either generally disorganized or get greatly modified 
functionally and structurally. Thus in the phloem the 
conducting elements soon lose their original structure and 
appearance and therefore, it becomes necessary to 
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investigate this tissue soon after its inception or before it 
ceases to become a non-conducting tissue. 
Due to the lack of proper techniques and a strong 
stimulus from the commercial world, phloem as a tissue 
has not been studied to that extent as it has been in the 
case of xylem. As a consequence our knovwledge for this 
tissue, still remains mostly incomplete, both regarding its 
structural variations and its phylogeny (Esau, 1 9 6 5 ) 
although the discovery of phloem as a conducting tissue, 
dates back to the first half of the previous century (Hartig, 
1837). 
STRUCTURE OF PHLOEM: Phloem as a principle food 
conducting tissue forms a complex system, composed of 
various types of elements assigned with different functions. 
It develops as a peripheral vascular tissue and forms a part 
of the bark in the stems and roots of vascular plants. 
Depending on its origin it is resolved into primary and 
secondary phloem 
PRIMARY PHLOEM:-
The phloem differentiating in the primary plant body 
is termed as primary phloem. It is derived out of the 
procambium, the provascular tissue. It consists of 
protophloem elements (the first formed elements) and the 
metaphloem elements (the later formed elements). They 
vary in their development, structure and position. 
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PROTOPHLOEM:- The portion of the phloem that 
differentiated first has been named 'protophloem' (Russou, 
1872) . Protophloem generally lacks well defined sieve-
plates and sieve-areas, and they are not associated with 
companion cells (Esau, 1 9 6 5 ; Fahn, 1967) However in 
a recent communication (Ghouse et al., 1 9 7 2 , 1 9 7 3 ) has 
reported the occurrence of well developed sieve-areas on 
the lateral walls of the protopholem developed in the pine 
leaves. Differentiation of protophloem generally precedes 
that of the protoxylem. 
The sieve-tubes of the protophloem function only for 
a brief period (Esau, 1965) . By the enlargement of the 
surrounding cells, they are destroyed soon after maturation, 
since they are notable to keep pace with the growth of the 
organ. This is known as the obliteration of sieve-elements. 
The crushed cells may disappear completely later on. 
METAPHLOEM:- The part of primary phloem which 
arises after the protophloem and matures after the 
surrounding tissues is completed, is termed as 
'metaphloem' (Van Tilghcm, 1887). In plants without 
secondary growth it forms the main conducting part of the 
plant after the development of primary body and persists 
for many years (Esau, 1 9 6 5 ) . In plants having secondary 
growth, this tissue becomes inactive after the formation 
of secondary elements, and either becomes crushed or 
obliterated completely (Esau, 1965) . 
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The sieve-elements of metaphloem are longer and 
wider, with more prominent sieve-areas than the 
protophloem. In anagiosperms these elements are sieve-tube 
members (Esau,1965) . 
The demarcation between protophloem and metaphloem 
is clear in some cases as in aerial parts of monocotoledons 
due to the presence of only sieve tubes in protophloem and 
sieve tube members with companion cells in the metaphloem 
(Esau, 1 9 6 5 ) . In plants having secondary growth with the 
demarcation between secondary tissue and metaphloem is 
difficult, except with the radial arrangement of cells in 
secondary phloem (Esau, 1 9 6 5 ) . 
SECONDARY PHLOEM:- The secondary phloem develops 
out of the outer derivative of the vascular cambium. It is 
generally made up of sieve tube members, companion cells, 
parenchyma, fibres and rays. In some cases sclereids also 
form a part of this tissue. 
The sieve-elements of secondary phloem are usually 
shorter in size than the primary ones. They possess well 
developed sieve-areas and sieve-plates and are arranged in 
radial files by which it is distinguished from the primary 
part of the phloem. 
The outer derivatives of the cambium undergo periclinal 
(additive) divisions before they differentiate into phloem 
proper. But in confers (Esau, 1 9 6 5 ) the fusiform derivative 
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differentiate directly into sieve-cell, usually, without being 
subdivided into smaller cells. In dicotyledons fusiform initial 
may divide by transverse, oblique or longitudinal divisions 
resulting in the formation of more than one sieve elements 
with their companion cells or sieve-elements, companion 
cells and parenchyma. 
The fusiform initials, that form the axial parenchyma, 
usually divide by transverse or oblique divisions into smaller 
cells. Fibres differentiate from fusiform cells be developing 
secondary walls and with or without apical intrusive growth 
(Esau, 1965) 
BASIC STRUCTURE OF SECONDARY PHLOEM: 
The secondary phloem is composed of two main 
systems, the axial or vertical system, derived from the 
fusiform initials and the transverse or ray system derived 
from the ray initials. The sieve-elements (sieve-cells, sieve-
tube members with their companion cells), phloem 
parenchyma and phloem fibres constitute the axial system 
while the principle component of the transverse system 
is the ray parenchyma cells. 
The phloem rays are continuous with the xylem rays 
and they together constitute the vascular rays. The xylem 
and phloem rays are same in height and width near the 
cambium as they arise from a common group of ray initials. 
Phloem rays are uni, bi-or multiseriate. They vary in height; 
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small and large rays may be present in the same species. 
Rays may be heterogenous i.e. composed of two kinds 
of cells the procumbent and erect or they may be 
homogenous i.e. composed of only one kind of cell. 
Storied, nonstoried and intermediate arrangements are 
found with uni, bi or multiseriate rays. 
The sieve-cells are slender, elongated elements, 
overlapping each other at their ends and each is in contact 
with several rays. The sieve-areas are found on these 
overlapping end walls. However, the sieve-areas except on 
the end walls, are restricted to the radial walls 
(Strasburger, 1 8 9 1 ; Abbe & Crafts, 1939 ) 
The phloem parenychyma cells starch touch at certain 
times of the year and contain resins and tannins also. 
Crystals are also deposited in phloem parenchyma. 
CONDUCTING PHLOEM: The active part of the phloem 
is known as conducting phloem, the amount of which varies 
in different species as the wood, depending on the age of 
the tree and its growing conditions. The width of the 
conducting phloem, usually measures in fractions of a 
millimeter. 
Although the active phloem constitutes only a small 
portion of the bark, it is of utmost importance for the 
detailed structure of the bark, as all the characters such 
as shape and length of sieve-element; presence of nacreous 
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walls in sieve-element; structure of the sieve plates; 
companion cells. ; variation of parenehyma cells and the 
occurrence of divisions in phloem mother cells that reduce 
the potential size of the sieve-elements, are clearly visible 
in this part of the bark (Esau, 1 9 6 7 ) . 
NON-CONDUCTING PHLOEM;- That part of the 
secondary phloem in which the sieve tubes no longer serve 
as conducting system has been termed as non conducting 
phloem (Esau, 1965). 
The main characteristic features of the non-conducting 
phloem are the presence of definitive callose on the sieve-
areas, the disorganization and disintegration of the 
protoplast and the crushing of the elements in the older 
regions of the phloem. The companion cells, some of the 
phloem parenchyma cells and in conifers the albuminous 
cells also cease to function and collapse. The non-
conducting phloem hence composed of the crushed 
elements. 
The non-conducting phloem undergoes sclerification by 
the development of fibres or sclereids from axial and ray 
parenychyma cells 
The amount of the non-conducting phloem depends on 
the manner of formation of phellogen. If the phellogen is 
superficial and is not replaced by deeply-lying phellogens 
for many years, the plant may have the broad zone of non-
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conducting phloem. If on the contrary, the phellogen is 
formed year after year in deeper layers, the non conducting 
phloem is in small amount. 
PERIDERM AND RHYTIDOME;- Periderm arises in cortex 
either in the outer layers or in the deeper ones and isolate 
blocks of tissue (cortex and phloem) from the underlying 
tissues. This isolated part of the bark is known as the 
rhytidome. the crust of the bark. 
REVIEW OF LITERATURE: 
History of Phloem:- The history of phloem as a principal 
conducting tissue goes back to the nineteenth century. 
Earlier to this only the fibres attracted the attention and 
the tissue as a whole was known by the name bast. It 
was only after the discovery of the sieve -tube elements 
by (Hartig, 1837) , that the true nature of the tissue was 
revealed. Hartig found some elongated elements with sieve 
like structures on their walls and named them as the 'sieve-
tube'. He also recognized the complex nature of this tissue. 
Later the importance of sieve-tubes and parenchyma as the 
essential elements of the phloem was stressed by (Von 
Mohl, 1855) . The term 'phloem' for the entire tissue, was 
proposed by (Nageli, 1858) leaving the term 'bast' for the 
fibres only. 
The companion cells were recognized and named by 
Wilhelm in 1880 as specialized parenychyma cells on to 
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ontogenetically related to the sieve-elements. 
STRUCTURE AND DEVELOPMENT OF SIEVE-
ELEMENTS:-
Sieve-elements as conducting bodies were first 
developed by Hartig in 1837 and later they were recognized 
by subsequent workers as the principle conducting elements 
of the phloem. Hartig (1837), who discovered the sieve-
tube, had given indication that he was aware of the 
difference between sieve-cells and sieve-tubes as he only 
applied the term sieve-tubes to the tabular structures 
subdivided into their individual units by somewhat inclined 
terminal walls. The conducting nature of sieve-elements was 
further made clear when (Cheadle and Whitford, 1 9 4 1 ) 
demonstrated that the elements bear pit like structures 
where pores with connecting strands are grouped together 
constituting the sieve-areas. They further distinguished that 
part of the wall which has highly specialized sieve-areas with 
more conspicuous connecting strands as sieve-plate. 
Cheadle and Whitford (1941) called the conducting 
elements of the phloem as 'sieve-elements", but they 
separated the less specialized elements having sieve-areas 
on all walls as 'sieve-cells' from the 'sieve-tube members' 
which are characterized with highly specialized sieve-areas 
grouped together to form the sieve-plate. It is interesting 
to note in this connection that the two types of sieve-
elements i.e. sieve-cells and sieve-tube members differ in 
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the degree of differentiation of their sieve-areas and their 
distribution on the walls. A sieve-cells is an element having 
unspecialized sieve-areas with no marked difference between 
each other and bearing no sieve-plate like structure on their 
end walls. They are long, slender with tapering or somewhat 
steeply inclined end walls. In the tissue they overlap each 
other. 
Sieve-tube members are the elements having some 
highly specialized sieve areas localized on their end walls 
in the form of sieve plates. Their end walls vary from much 
inclined to transverse. There units are placed end to end, 
their common walls bear the sieve-plates, thus forming a 
continuous tabular structure. 
SIEVE AREAS: 
The peculiarity in the sieve-elements is due to their 
specialized wall areas i.e. the sieve areas. Hartig who 
introduced the term sieve, supposed that the walls of sieve-
tubes in cucurbita are perforated in a manner of sieve 
(Hartig, 1 8 5 4 ) . Von Mahl (855) saw a thin membrane 
obstructing the pore. Nageli ( 1 8 6 1 , 1863) also agreed 
with the name sieve-tube given by Hartig, since their 
terminal walls were perforated. 
Sieve-areas are wall areas, comparable to primary pit-
fields, with pores through which they are connected to the 
adjoining sieve member by means of cytoplasmic strands. 
The term sieve-area was proposed by Cheadle and 
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Whitford (1941) . They are actually specialized primary pit-
fields. 
SIEVE PLATE:-The development of sieve-plate was by 
Janczewski (1878) and Wilhelm. The structure of the sieve-
plate is quite complicated. It consists of two primary walls 
containing cellulose and polyuronides, connected together 
by an intercellular substances (middle lamella) of 
polyuronides (Abbe and Crafts, 1939). 
Sieve-plates in sieve-tubes of different regions of the 
phloem and of different plants vary with regard to the kind, 
number and arrangement. A transverse end wall usually 
bears only one sieve-plate while an inclined wall has more 
than one sieve-plates. 
Nageli (1861) found small sieve-plate like structures on 
the longitudinal walls of sieve-tubes and referred them as 
the 'sieve-fields'. According to (Hill, 1908) , sieve-plates 
and sieve-fields are the same structures. These sieve-fields 
connect the sieve-tubes not only with other sieve-tubes but 
also with certain parenchymatous members of the phloem 
(Strasburger, 1 8 9 1 , 1 9 0 1 ) employed the term 'sieve-pits' 
to the less developed sieve-plate like structures on the 
lateral walls. Several workers (Hemenway, 1 9 1 3 ; 
Jeffrey, 1 9 1 7 ; MacDaniels, 1 9 1 8 ) gave the name 
'lattice' to the Nageli's 'sieve-fields'. However, others 
(Schmidt, 1 9 1 7 ; Crafts, 1 9 3 2 , 1 9 3 9 ) called the sieve 
pits', simply 'pits'. 
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CALLOSE:- The protoplasmic strands are commonly 
associated with a carbohydrate 'callose', a polymer of 
glucose residues united into spirally wound chains in {3-
1-3 linkarges (Kcssler, 1958) . 
Hartig (1837) reported the pores on the wall, also 
recognized the complexity of the structure of the sieve-plate 
in cucurbita. He observed the callose, lining the pore but 
did not name it. Nageli (1861) referred it as 'soft 
substances' and in cucurbita reported it as collars of varied 
thickness "around the connecting strands. 
The term 'callose' (Mangin, 1892) was derived from 
'callus', a word first employed by Hanstein (1864) in 
connection with the sieve elements having a massive 
accumulation of callose on their sieve-areas. 
In 1889, Lecomte, first proposed the term 'cal definity' 
(definitive callose) to that type of deposition which is 
associated with a complete cessation of function of the 
sieve-element and the callose accumulation which occurs 
during a temporary break in activity, is termed as 
'Dormancy or provisional callose' (Esau, 1939, 1948). 
Many suggestions had been given to explain the role 
of callose in plant cells. The most popular view was that 
it reverse as a regulatory mechanism in the flow of 
substances through the sieve-areas by narrowing the 
connecting strands and it also serves as a protection against 
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the leakage of sap contituents into the walls at the sieve-
areas. 
ORIGIN OF CALLOSE:- There are different opinions 
of workers regarding the origin of callose. (Wilhclm, 
1 8 8 0 ; Janozewski, 1 8 8 1 and Oliver, 1887) regarded 
it as a transformed cellulose of the .cell plate while others 
(Hanstein, 1 8 6 4 ; Russow, 1 8 8 2 ; Debary, 1 8 8 4 ; 
Strasburgcr, 1 8 9 1 ; Schmidt, 1917 ) considered it as a 
deposit derived from the cytoplasm. On the other hand 
(Fischer, 1 8 8 6 and Hill, 1 9 0 1 ) gave a relation between 
slime and starch of sieve-tubes to the callose Locomte 
( 1 8 8 9 ) Hill (1987) Sykes ( 1 9 0 8 ) and Thoday ( 1 9 1 1 ) 
considered that the callose was formed by alternation of 
cellulose but the large masses were derived from the 
cytoplasm. Contrary to these views, Salmon (1996) gave an 
implausible assumption that the callose is derived from the 
sieve-tube slime. 
WALL STRUCTURE;- Recent reports confirmed that the 
walls of sieve-elements are made up of cellulose. No well 
authentic report for their lignification is available as yet. 
Walls of sieve-elements vary in thickness Esau ( 1 9 6 5 ) . 
Esau and Cheadle ( 1 9 5 9 ) also reported nacreous 
thickening in some species which gives a positive reaction 
to tests for cellulose and pectin. The wall is not hydrated 
exceptionally but it shrinks with the age of the sieve-
element (Esau, 1965) . It may be so thick as to reduce 
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the luman very much but it does not cover the sieve-areas. 
The wall in absence of nacreous thickening is regarded as 
primary by the light microscopic studies (Esau, 1965) . 
PROTOPLAST:-The unusual characteristics of the sieve-
element is its extremely unstable protoplast . Certain 
changes have been observed during differentiation of sieve-
element and in connection with its seasonal activity. 
Like the procambial cells from which they develop, 
young sieve-elements with a conspicuous nucleus have 
plasmalemma attached to the wall and a distinct tonoplast 
delimiting the large central vacuole (Kollmann, 1964 ) 
observed in Metasequoia glyptostroboides that as the 
differentiation of the sieve-element progresses cytoplasm 
undergoes some general changes simultaneously with the 
start of the nuclear disintegration. Following this the 
delimitation of the parietal cytoplasm from the vacuolar 
membrane (tonoplast) disappears and the protoplast has a 
distinct membrane only next to the cell wall. After the 
disappearance of tonoplast most of the cytoplasmic 
organelles still lie in the parietal protplast. 
CYTOPLASMIC INCLUSIONS: The nature of the various 
inclusions was discussed by Newcomer ( 1 9 5 1 ) Millard 
and Bonner ( 1 9 5 3 ) , Goddard and Stafford ( 1 9 5 4 ) , 
Sorokin ( 1 9 5 5 ) and Hackett ( 1 9 5 5 ) 
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Electron microscopic studies revealed a number of 
interesting structures. Several workers, observed many well 
differentiated dictyosomes in earlier stages of development 
of the sieve-elements which have got a delimiting tonoplast. 
During differentiation these dictyosomes disintegrate and 
gradually completely disappear in mature sieve-element. 
Endoplasmic reticulum was observed by a number of 
workers both in the developing and developed sieve-
elements (Buvat, 1 9 6 0 ; Duloy et al., 1 9 6 1 ; Esau and 
Cheadle, 1 9 6 2 ; Falk, 1962) 
According to Esau et al. (1962) these endoplasmic 
reticulum are supposed to be concerned with the callose 
formation and the differentiation of the sieve-plates. 
Singh and Srivastava (1991) noticed that the ER occurs 
in greater amount in a differentiating sieve-element 
alongwith the ribosomes and dictyosomes than in the 
matured one. They further showed that a matured sieve-
element shows a loss of tomplast, degeneration of the 
nucleus, loss of ribosomes, dictyosomes and microtubules. 
MITOCHONDRIA: Salmon (1946) for the first time 
descrived some bodies in the cytoplasm of sieve-elements 
which she identified as mitochondria. These granular bodies, 
according to her, vary in size and number with the species 
of plants. McGivcrn ( 1 9 5 7 ) identified mitochondria in the 
sieve-element cytoplasm of Helianthus, I^icotiana, 
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Cucurbita, Gossypium and Beta vulgaris under the light 
microscopy. 
The reports regarding the occurrence of mitochondria 
in matured sieve-elements are conflicting. Buvat ( 1 9 6 0 ) 
described them to be devoid of contents. Ziegler ( 1 9 6 0 ) 
on the contrary recognized no intact mitochondria in 
Heracleum sieve-elements. Hohl ( 1 9 6 0 ) who also could 
not recognize them in Datura sieve-elements. However 
Kollman (1960) found mitochondria with double outer 
membranes, tabular inner membranes having a rather loose 
inner structure in the matured sieve-element of Passiflora 
under the electron microscopic studies. 
The presence of mitochondria in sieve-elements plays 
an important role in translocation in pholem Ulrich 
( 1 9 6 1 ) . Since it is well-known fact that energy requiring 
processes in the cell depend directly or indirectly on 
mitochondria. It is understood that mitochondria must be 
present in sieve-elements and they are functioning also. 
PLASTID: Russow (1882) and Fischer (1996) observed the 
presence of starch in the sieve-elements of many 
dicotyledons and in few monocotyledons. This is an indirect 
indication of the occurrences of plastids in sieve-elements. 
It was Strasburger (1891) who gave the direct evidence 
for the occurrence of plastids in sieve-tubes. He observed 
them in the parietal cytoplasm of sieve-tubes in a number 
of plants. 
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Regarding the nature of the sieve-tube plastids, Russow 
(1882) found them to be proteinaceous. 
There are a number of reports based on electron 
microscopic observations regarding the presence of plastids 
in the sieve-elements of different plants. But, according to 
Behnke (1971) all the sieve-tube plastids could be classified 
into two main types, 'S ' type and 'P'- type. 'S ' type plastids 
contain only starch and have been found in a great number 
of dicotyledon, whereas 'P' type contains elaborate protein 
inclusions and often starch. 
NUCLEUS:- The characteristic feature of the sieve-element 
protoplast is its lack of a nucleus at functional maturity. 
This characteristic feature of the nucleus was first reported 
by Wilhelm (1880) and confirmed later by the reports of 
number of workers. This report of the absence of nucleus 
was not only confined to the higher vascular plants but also 
extended upto the vascular cryptograms. 
Later on there are many reports came into existence 
regarding the presence of nuclei in mature sieve-elements. 
The first report in this respect is that of Fischer (1886) 
in Urtic%. Other workers also reported them in mature 
sieve-elements, viz., Lecomte ( 1 8 8 9 ) in Cucurbita, 
Impatinens, Vitis and Macropiper and Scott and 
Brebner,(1889) in Strychons. 
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STRUCTURE AND DEVELOPMENT OF COMPANION 
CELL:-The sieve tube members are associated with a 
specialized parenchyma cell, the companion cell. The 
companion cells may occur on different sides of their sieve-
tube element or they may form continuous longitudinal 
series in one side of it as was reported by Strasburgcr 
( 1 8 9 1 ) in some harbaceous dicotyledons and in many 
monocotyledons. 
The walls between the companion cells and sieve-
elements are either uniformly thin or having primary pit-
fields Esau ( 1 9 6 5 ) . These walls are transferred by 
plasmodesmata which are often branched at the companion 
cell side as was revealed by Esau and Cheadle) 1 9 6 2 
under electron microscope. 
Although the companion cells form the characteristic feature 
of the angiosperm phloem, there is no comprehensive data 
regarding their distribution in this group. According to 
Esau(1939) they are not present in the protophloems of 
angiosperms. 
Companion cells are reported to be lacking in vascular 
cryptogams (Strasburgcr, 1 8 9 1 ; Poirault, 1 8 9 3 ; Palm; 
1836) 
STRUCTURE AND DEVELOPMENT OF PHLOEM 
PARENCHYMA :-Phloem parenchyma and companion cells 
are the two constant components of dicotyledonous 
phloem. These two were named by separate terms namely 
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bast parencgma and cambriform cells by the early workers 
Nagcli (1858) , Russow (1872). Later Wilhelm (1880) 
called the cambriform cells as companion cells. Since the 
term combriform was dropped. 
Parenchyma cells present in the primary phloem are 
elongated and are oriented in the same direction as the 
sieve-elements, while in the secondary phloem it occurs 
in two systems, the axial and ray system. 
In the active phloem, the phloem parenchyma cells have 
primary unlignified walls but after the cessation of activity 
they may become sclerified or may not. 
The phloem parenchyma are concerned with many 
activities such as the storage of organic food materials and 
accumulations of tannins and resins. Certain phloem 
parenchyma cells in secondary phloem accumulate crystals 
or resins and then die. 
STRUCTURE AND DEVELOPMENT OF PHLOEM 
F1BRES;-Fibres are another most important component of 
phloem. Many dicotyledons have a group of fibres, 
pericyclic or primary pholic on the periphery of the vascular 
system. According to (1948) Esau the fibres occurring at 
the periphery of the vascular system in many dicotyledons 
stems are in fact, primary pholem fibres and not pericyclic 
in origin. 
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The secondary phloem fibres arise from the fusiform 
cambial cells as a component of the axial system, they may 
elongate by apical intrusive growth but still they are shorter 
than the primary phloem fibres of the same plant. 
According to Lecomte (1889) and Strasburger (1891) 
the fibre wall in primary phloem is thicker than those in 
the fibres of secondary phloem. Matured fibres, may be 
primary or secondary, are dead cells. 
In some plants the secondary phloem fibres mature in 
the conducting phloem and specialized as mechanical 
elements (e.g. Tilia) while in others {Prunus) they remain 
alive in conducting phloem and mature into fibres only after 
the cessation of function of sieve-elements. 
SEASONAL DEVELOPMENT OF SECONDARY 
PHLOEM:- Despite the presence of voluminous literature 
on cambial activity and xylem production, comparatively less 
is known about the seasonal development of the phloem. 
This might be due to the lack of suitable exacting techniques 
required for its investigation, and to the concept that xylem 
and phloem production occurs simultaneously or that xylem 
production precedes that of the phloem. 
The systematic studies on the seasonal development of 
secondary pholem in certain temperatate trees carried out 
by Evert et al. had brought many things to light. In this 
connection the work on seasonal cycle of pholem 
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development and the relationship between pholem and 
xylem differentiation on the 4-woody dicotyledonous species 
Pyrus communis^ Evert, 1 9 6 0 ; Pyrus maluSy Evert, 
1 9 6 3 ; Robinia Pseudoacacia, Derr and Evert, 1 9 6 7 ; 
Populus termuloides, Davis and Evert ( 1 9 6 8 ) . Studied 
by them produced interesting results, according to which 
in all the four species: 
1. All the sieve-element produced in a given season 
remained functional only for that season (they did not 
continue to function in the next). 
2. The first functional sieve-elements differentiated in 
spring from cells which were produced at the close of 
the previous season and overwintered in an 
undifferentiated state (Precursor phloem). 
3. The time of differentiation of the above sieve-elements 
(Precursor phloem) coincided with the time of 
reactivation of cambium. 
4. Phloem differentiation preceded xylem differentiation 
in spring. 
FUNCTIONING PERIOD OF SECONDARY PHLOEM: In 
most dicotyledons the functioning part of the phloem is 
restricted to that secondary pholem that is produced in the 
last growth season. However in some, almost all the phloem 
which was produced in the previous season ceases to 
function before the cambium begins to produce new phloem 
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in the current season. Tilia and Vitis were found to be 
two exceptions in which the phloem remains active for a 
number of years, upto 10-years in T. cordata and from 
1-5 years in T. Americana. In vitis it remained active for 
two seasons. 
In plants with included phloem e.g. Bongainvillea and 
some woody spp. of Chenopodiacea, the phloem remained 
active for many years. In most conifiers the activity of the 
phloem elements is restricted to a single growing season. 
The presence of functional phloem in the whole of the 
year in case of dicotyledons had been reported in a few 
species only. In most of the plants studied the sieve-
elements become non-functional in the same season in 
which they were derived from the cambium (Esau, 1 9 3 9 , 
1 9 5 0 ; Hubcr, 1 9 3 9 ; Holdheide, 1951) Many workers 
had demonstrated that in some woody dicotyledons, 
occasionally small sieve-elements remain functional until 
new pholem was produced in spring. In some spp. viz. 
Pecan (Artschmager, 1950), Yellow birch (V\/ilcox et al., 
1956) and some conifers especially in Pinus strubus 
(Strasburger, 1891; Carillos and Smith, 1959) the later 
formed sieve-elements at the close of the season underwent 
only partial differentiation and they wintered in the same 
condition. 
Contrary to the above in several spp. viz, Phi^rus 
commconis, P. malus (Evert, 1 9 6 0 , 1963) , Populus 
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tremuloides (Davis and Evert, 1968), the first sieve-element 
arose from the undifferentiated cells that overwintered on 
the outor margin of the cambial zone. 
According to Tucker and Evert (1969) sieve-element 
differentiation occurred year round in Acre-negundo. 
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OBJECTIVE, SCOPE AND METHODOLOGY 
The exponential growth of li terature and rapid 
development of libraries generated several evolutionary 
studies about the effectiveness and efficiency of information 
services. These studies led to the identification and 
application of appropriate quantitative measuring techniques 
known as Bibliometrics. 
Reference material are required for up-to-date 
information in various fields due to the explosion of 
knowledge and with the rapid changes noticed in all domains 
of human activity. 
Objective:- B.C. Brookes is of opinion that such five 
general objectives. 
(i) Design of more economic information system. 
(ii) Improvement of efficiency rates of information handling 
process. 
(iii) Identification and measurement of deficiencies in 
bibliographical services. 
(iv) Discovery and elucidation of empirical laws that can 
provide a basis for developing a theory of information 
science. 
Scope:-The scope of bibliometrics includes studying the 
relationship (citation studies) or describing a literature. 
Typically these descriptions focus on consistent patterns, 
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involving authors, monographs, journal or subject, language. 
Bibliometrics Laws:- The three fundamental laws which 
laid the formation of bibliometrics are: 
(i) Lotka's Inverse square law of scientific productivity. 
(ii) Bradford's law of Scattering of scientific papers. 
(iii) Zipf's law of word occurrence. 
Objective:- The specific objectives of this study are the 
following: 
(i) To identify a list of core journals. 
(ii) To determine the language of literature. 
(iv) To determine the country wise distribution of articles 
on phloem tissue. 
(v) To determine the year wise distribution. 
Topic Selection:- I have consulted various sources for 
the selection of topic such as chemical abstract, Physics 
Abstract, Index Medicus and Biological Abstract. 
Finally I selected phloem tissue from biological abstract 
on the basis of may interest in botany and availability of 
its reference 
Reference Card:- The reference and contains the 
information as follows: First there are surname of authors 
in capital letters, forename in bracket in small letters, then 
fullstop (.). Then title of the article, then fuUstop (.). Then 
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name of the journal with volume number, issue no., page 
no., then fullstop(.). Then the year of publication, then 
fullstop (.). On the next line name of the institution and 
country and then on the next line language of the document. 
After making reference card, analysis these card 
yearwise and prepared the table of yearwise distribution, 
single and multiple authorship, journals, countries and 
finally the languages. 
After preparing raw tables. These tables are arranged 
in the decreasing order of the no. of authors, journals, 
country and languages then analysis is done on rankwise 
tables and preparation of frequency calculations of 
percentage, graphical representations and statistical analysis 
are also used. The reference card size is 5' x 3". 
Example 
GOLECKI (Bettina), SCHULZ (A) and THOMPSON 
(Gary A.). Translocatioin of structural P proteins in the 
phloem. Plant cell ll(i) Jan : 127-140. 1999. 
(Department of Botany, Univ. Wisconsin, US>A). 
English. 
Analysis:- We analysis the different things. 
(i) Yearwise distribution:- Yearwise productivity of 
papers. Consult 986 references during the period of study 
1989-1999. The analyse no. of articles per year and the 
percentage. 
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(ii) Productivity of Authors:- The productivity of 
authors mean which author has been written how many 
articles. The authors have been arranged according to 
decreasing order of articles then list to a rank. 
(iii) Nature of Authorship:- First collected the data 
yearwise and arranged the card according to nature of 
authorship i.e. single authorship and multiple authorship. 
(iv) Ranking of Journals:-The journals are arranged 
according to decreasing order of productivity so that the 
core journal is find out. 
(v) Country wise distribution:- In the country wise 
distribution different countries are arranged according to 
the decreasing order of the no's of articles. 
(vi) Language wise distribution:- The articles are 
arranged language wise and then given a rank as well as 
% value is calculated. After analysing the literature I have 
given application of Bibliometric law i.e. Bradferd's law and 
Lotka's law and finally the conclusion of the study. 
CITATION ANALYSIS:- Around 986 references were 
found from biological abstract during 1989-1999. Many of 
the journals in which these references were present were 
not available in Department of Botany, A.M.U. From the 
references, I have found out that the core journal is 
"Journal of Experimental Botany" covering 75 articles during 
the period of 1989-99. The other major journals which are 
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available in Departmental library of. Botany, AMU, are as 
follows Annals of Botany (London), American Journal of 
Botany, Physiologia Plantarum, New Phytologist etc. 
Due to various factors such as shortage of time, scope 
and demand of dissertating, I have decided to consult some 
of the reference articles from the issues of major journals 
which are available in department of Botany, AMU about 
42 in the numbers' for the citation analysis. 
The citation references is also written on the 5'x3" 
cards. This card contain the information as follows:-
surname of the author in capital letter and forename of 
the author in bracket in small letters. Then the title of the 
article, then the journal's name and finally the cited year. 
The tables have been made with the help of information 
given above. After preparation of table analysis is done on 
the information in given table. These tables have prepared 
for the ranking of authors, ranking of journals, types of 
cited document, for cited journals, cited year of the articles 
and preparation of frequency, calculation of percentage, 
graphical representation and statistical analysis are also 
used. 
Example 
GERENDAS (Joska), SCHURR (Ulrich). 
Physiochemical aspects of .... 




(i) Distribution of papers and citations 1989-1999. 
(ii) Ranked list of journals cited 
(iii) Ranked list of journals cited. 
(iv) Identification of joint and single authorship 
(v) Identifications of co-citations. 
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DATA ANALYSIS, INTERPRETATION AND 
REPRESENTATION 
CHRONOLOGICAL DISTRIBUTION 
This table shows the chronological distribution of the paper 
published during the period 1989-99. 
According to the table we can find out the maximum 
number of articles were published in 1994. It is 12.47% of the 
total publication of the 986. 
The second most productive year is found to be 1995. 
Which is 11.46% of the total publication. 
The third most productive year is 1990. Which is 10.24 of 
the total publication. The fourth most productive year is 1996. 
Which has 10.04% of the total publication. 
The percentage of 1999 is minimum because of some of 
the references of the topic are not covered by the biological 
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PRODUCTIVITY OF AUTHORS 
Table-2 shows the productivity of authors of paper 
published during 1989-99. According to this table the most 
productive author is JESCHKE (W.DIETER) who contributed 20 
papers (2.02%) f the total publication. The rank of this author is 
I. 
The second most productive author is KOMAR (EWALD) 
who contributed 18 papers (1.82%) of the total publication. The 
rank of this author is II. 
The third most productive author is TJALLINGII (W.F), 
contributing the 14 papers (1.41%)) of the total publication. The 
rank of this author is III 
The fourth and fifth most productive author are MINCHIN 
(P.E.H) and VAN BEL (AART J.E.) who have contributed 13 
papers (1.31%) each. The rank of these authors are IV. 1526 
authors contributed only 1 papers each. 
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Productivity of Authors 

















































JESCHKE (W DIETER) 
KOMAR (EWALD) 
TJALLINGIl (W F) 
MINCHIN (P E.H ) 
VANBEL (AART J.E ) 
EVERT (RAY F ) 
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11 Authors contributed 7 articles each 
10 Authors contributed 6 articles each 
23 Authors contributed 5 articles each 
38 Authors contributed 4 articles each 
108 Authors contributed 3 articles each 
228 Authors contributed 2 articles each 
1526 Authors contributed 1 articles each 
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AUTHORSIP DISTRIBUTION PATTERN 
Analysis of data in Table-3 shows that multiply author is 
predominant. Out of the total 986 articles 856 articles (i.e. 
86.81%) arc multiple authored during the period of 1989-1999. 
The year 1989 shows the highest production of single 
authorship. There were 16 incidence of single authorship. 
Whereas, the year 1994 shows the highest production of 
multiple authorship. There were 109 incidence of multiple 
authorshp. 
The year 1999 shows the minimjm production of 
single authorship (i.e. 2.3%) as well as of multiple authorship 
(i.e. 5.95%) of the total production. 
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The percentage of the authorship in the year 1999 is 
minimum because some of the references of the topic are not 
covered by the biological abstract of 1999, and will be published 
in the respective volume of biological abstract. 
RANKING OF PERIODICALS 
Table -5 show the ranking of periodicals during the 1989-
1999. The 986 journals article obtained were analysed in detail. 
After anlysing the Journal of Experimental Botany is given Rank 
I. It's frequency is the 75 (7.6%) articles and the other journals 
are aranged in the decreasing order of the articles. The II Ranked 
periodical is the 'Planta (Heidelberg)' i.e 49 articles (4.96%). The 
57 
third ranked periodical the Annals of Botany (London) It has 3.24 of 
the total production. 




















































Name of Penodicak 
Journal of Expenmental 
Botany 
Planta (Heidelberg) 
Annak of Botany (London) 
Plant Phy<!iology (Rockville) 
lAWA Journal 





Plant Physiology (Bcthesda) 
Journal of Plant Physiology 
New Phytalogi'st 
Plant Cell 
Plant Cell & Environment 
American Journal of Botany 
Tree^ (Beriinj 
Acta Botanica Sinica 
Journal of Chemical Ecology 
Canadian Journal of Botany 
Journal of Phytopathology 
International Journal of Plant 
Science"! 
Tee Physiology 





















































































































































































































































































































































Plant and Soil 
3 periodicals published 9 
articles each 
3 periodicals published 8 
articles each 
4 periodicals published 7 
articles each 
6 periodicals published 6 
articles each 
6 periodicals published 5 
articles each 
12 periodicals published 4 
articles each 
12 periodicals published 3 
articles each 
38 periodicals published 2 
articles each 
















































COUNTRY WISE DISTRIBUTION 
This table-6 shows the country wise distribution 986 
articles were dispersed among 47 countries. The USA is the most 
productive country, h has published 201 articles during the 
period of 1989-1999 i.e. 20.38% of the total productivity. It has 
Rank I, the second rank goes to GERMANY, it published 176 
articles i.e. 17.84% of the total productivity and third rank goes 
to France, It published 77 articles (.e. 7.80%) of the total 
59 
productivity The countries are arranged according to decreasing 
productivity of articles. 12 countries publishes only one article 
during the period of 1989-1999. 





















































































































































































































































































































































2 8 3 
2 43 
2 3 3 
2 23 
1 82 
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LANGUAGE WISE DISTRIBUTION 
This table-7 shows the language wise distribution 986 
articles were dispersed among 12 different languages over 11 
years period, 1989-1999. 
896 articles published in the English language i.e. 90.87% 
of the total publication. This English language has I rank. 
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The Chinese language published 30 articles i.e 3 04% of 
the total production. It has the second rank in the language 
table. The third rank is of the Russian language, 20 articles were 
published in this language i.e. 2.02% of the total production 
Others of decreasing productivity in the language table. 
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LEVEL-2 
Citat ion analvsis:-
The primary function of citation is to provide 
• 'connection between two documents, one which cites and the 
other which is cited.'" There are number of reason for giving 
citations. Weinstock Lietz, Moravesik, and Murugesan, Hodges, 
Oppenheim and Renn, Finney, Frost and Thorme have all 
at tempted to explore the possible reasons for giving citations. 
They include the positive and negative reasons for inclusion. 
However, it has to be conceded that if the reasons is positive, 
there is bound to have some connection, between the citing and 
cited paper . The first recorded analysis was a study by P.L.K. 
Gross and E.M. Gross published in 1927 in order to determine 
the journals to be subscribed to and the back volumes to be 
acquired for the Library of the Pomona College. They studied 
the citation frequency in the references given in the Journal of 
the American Chemical Society. Citation analysis is very often 
fruitfully applied to derive the following benefit: 
(a) To lead the reader to further studies in the field:-
This is perhaps, the primary purpose of citations. Readers 
can verify the correctness of the correctness of the information 
and thereby convince themselves. 
(b) For the preparation of Bibliographies:- The first use 
of citation indexing was made in Shepherd's Citations 
63 
published in 1 8 7 3 . This technique of citation of citation 
indexing has been perfected by Eugene Garfield and others 
since then early 1960s. It is a fact that compilation of 
bibliographies in new field is really difficult. In such 
circumstances, analysis of citations of article may be the only 
way to gather information. The very fact that the citation have 
been verified, evaluated and recommended by authors who are 
experts in their own field make them all the more acceptable 
for inclusion in a bibliography. 
(c) To study the use pattern of different type of 
documents:- Citations may be of books, journal articles, 
report, standards thesis/dissertations etc. The relative use of 
each of these type can be ascertained based on the frequency 
of citations. For examplE, various citations studies have shown 
that journal articles are the most preferred source consulted by 
scientists since they constitute about- 70-80% of the total 
citations. Similarly citation practices among social scientists 
indicate that they give equal importance to books and journals. 
(d) To find out the relative use of different languages:-
Since English has emerged as a world language, especially in 
science and technology, there is a predominance of English 
language publications in all branches. This can easily be 
understood from citation analysis. In the mid-sixties, for 
instance, the share of English language papers in Mathematics 
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and Chemistry was more than 50 percent. Russian occupied 
the second position with about 20 percent followed by German 
and French. 
Citation practices have also shown that the relative 
amount of literature in different subjects produced by different 
countries changes with time. It has been observed that German 
has declined very much in the 20th century; especially in the 
field of Chemistry where publications in this language reigned 
supreme. 
(e) To study the use of literature from different 
countries-.- From the citations, the country of their origin can 
be identified in all types of materials like journal article, books, 
reports etc. In many subject areas, U.S. Publications are found 
to be used more heavily. In medicine, biochemistry, physiology 
and pharmacology, Sengupta had identified the leading role 
played by U.S. Journal. Journals of U.K. occupied the second 
position, but they come any where near their American 
counterparts in the frequency of use. Similarly, Martyn and 
Gilchrist had found that in sixties one in every eight citations 
was to British publication. Some of the user studies in India 
have shown that Indian publications are also equally cited in 
certain subjects. 
(f) To study the scattering of subjects- Studies about the 
dispersion or scattering of subject in different sources as 
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evidenced by citation analysis have brought out interesting 
results. For example, 
i. Social science and art subjects show a wider scatter of 
publications than the science. 
ii. Research publications in technology show greater 
dispersion than those in science. 
iii. A new branch of science, especially an interdisciplinary 
one, shown a greater dispersion than an older branch of 
science. 
iv. There can be differences in scatter between sub-field within 
a subject as also among major subjects. 
V. The rate of scatter within the same subject alters with time. 
Meadows jas summarized these findings. 
(g) To decide the observances rate of documents in 
different subjects.- Citations in subsequent literature and 
usage pattern in libraries are considered as two indicators of 
the obsolescence of literature. Analysis of citations by age of 
the cited document can shown the useful life of a document. In 
order to measure the decay or obsolescence rate of documents, 
the concepts of 'half life' has been borrowed from Nuclear 
Physics. Using this measure Burton and Kebler had suggested a 
range of half-lives for different subjects. The fast growing 
subjects would have lesser half lives compared to established 
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disciplines. The above study had shown the half-Hfe of 
Metallurgical Engineering as 3.9 while that of Botany is 10 
years. These time scales are highly useful in the planning of 
library holdings. 
(h) To determine the interdependence and lineage of 
subjects.-Jhe interdependence of basic and applied field can 
be understood by citation studies. Establishment of this 
interdependence can be of use in the acquisition policy of 
special or information centres. The analysis of citations of 
citations, of the Annual Review of Medicine for the years 
1965-69 by I.N. Sengupta has established the contribution 
made by Journal in the field of biochemistry and physiology to 
the medical research. Further studies by him have brought to 
light the mutual contribution of biochemistry, Physiology and 
microbiology. 
As far as lineage of subject are concerned, Garfield's 
experiments in citation indexes have very much contributed in 
mapping the history of many of them. 
(i) To prepare ranked list of periodicals:- Ranked list of 
periodicals can be prepared by two methods: 
1. by actual citation counting; and 
2. by counting the number of entries in indexing and 
abstracting periodicals. 
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In the first method, information is collected from the 
references cited in source articles. By studying the average 
number of citations, one ca develop a list of cited journal in 
the ranked order. 
In the second method, the number of items contributed by 
different periodicals during a period of time is calculated from 
the secondary source and the ranked lists are very often used 
as guidelines in the acquisition of periodicals and other 
materials in the library. 
(j) To study the rate of collaborative research: -
Collaborative research can be effectively measured from the 
number of authors in papers. Such studies can be conducted to 
understand global trends, national trends or trends in different 
subjects. Studies in this direction have indicated that 
collaboration varies from discipline to discipline, within the 
same discipline from time to time, and from country to 
country. However, the extent of collaboration may not be 
revealed from the citations. Effort in this direction have been 
made by Ajiferuke et al who have attempted to define good 
collaboration measures 
(k) For the analysis of scientific journals:- Citation 
analysis provides a number of interesting and useful insight 
into the networking of journal. These insights are developed 
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from different citation measures, which are perfected by 
Institute for Scientific Information (ISI) 
(i) Citation rate of a journal:- This is the number of times 
a journal has been cited. It can consist of all the reference to 
the cited journal counting even duplicate references from the 
same source article as a separate citation. It can also be 
calculated by counting only the number of source articles that 
cited the journal. A third method oi calculating citation rate 
that is followed by ISI is by counting the number of reference 
to the cited journal, but treating duplicate reference from the 
same source article as only a single citation link. 
(ii) Impact factor:- Impact Factor (IF) is the average citation 
rate of a journal's articles. It is basically a ratio between the 
rate of the journal and its citation potential. Citation rate is 
defined as the number of citable items published. 
Therefore IF = the number of times a journal was 
ci ted/ the number of citable items the journal published. 
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Previously, it was not possible to calculate the IF of 
journals not covered by Science Citation index. But now a new 
formula for the determination of IF for journals which are not 
incorporated in it has been worked out by B.K. Sen and 
others. The method is discussed in short communication in 
Journal of Documentation, 45(2) 1989. 
iii. Self-citinQ rate:- This is a measurement of the frequency 
with which journal's references and cited articles it published. 
vi. Self-cited rate:- This again, is a measurement of self-
citation. It shows what percentage of citations recovered by a 
journal by a journal originated in articles published by the 
journal. These self-citation rates serve as indexes to the 
newness, size and isolation of the intellectual universe in 
which a journal operates. 
V. Immediacy index:- This is method of showing how 
rapidly the material published by journal are picked up and 
used. It is calculated by the number of citations received by 
articles in journal during the year in which they were 
published. 
The results of the citation measures carried out by ISI are 
published regularly in the Journal Citation Reports (JCR) of 
ISI. 
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Citation counts have also been stretched even to measure 
the productivity in other areas As Broadus points out, "Over 
the last two decades, tabulation of citations have been used to 
measure the importance of academic depar tments , but 
especially of individual scholars and the contributions they 
made to their respective fields" 56. In addition to the above 
areas of application, citation analysis has also led to the 
development of such concept like bibliographic coupling put 
forward by kessler and co-citation is getting renewed attention 
now-a-days. 
Citation analysis in the primary function is provide, "a 
connection between two documents. One which cites and the 
other which in ci ted". The citation links provide a quantitative 
picture of the journal utility and relationship that are useful in 
many ways, the conclusion are mainly based on what scientist 
say about the utility and relationship in their choice of 




Table - 8 shows the yearwise distribution of citations 
during the period of 1989-99. In this table source articles (as a 
sample) are taken from the issues of major journals, which are 
available in the department of Botany, AMU. On the basis of 
source articles references are noted from the journal's article. 
The year 1999 shows the maximum number of reference articles, 
whereas the year 1990 shows the minimum number of reference 
articles In the year 1999 reference articles are maximum 
because of 1 have consult care 'journals of experimental Botany' 
which has the maximum number of reference articles. 
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TYPES OF DOCUMENT CITED 
Table-9 shows the forms of document cited. Reference articles 
obtained were analysed in detail. After analysing It is found that 
journals are the most dominant form of documents which were cited. 
It is given Rank 1st. The Ilnd Rank is given to Books. The III and IV 
rank is of reports and thesis. Special publications has obtained the 
rank XI. 
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AUTHORSHIP PATTERNS 
Analysis of data in table-10 shows that out of the 810 cited 
articles 636 articles (78.51%) are multiple authored and remaining 
174 articles (21.48%) are of single authorship. The percentage of 
single authorship is maximum in 1999 and minimum in 1990, 1992. 
Similarly multiple authorship is maximum in 1990 and 1991 
(4.17%). 
Table - 10 
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DVC Product SAN JAY 
RANKED LIST OF CITED JOURNALS 
Table - 11 shows the ranking of cited journals during the 
period of 1989-99. After analysing in detail 'Journal of exp. Botany' 
is given rank I Which has also obtained rank I in the first level study. 
Ifs frequency is 270 articles (33.33%). The second rank periodical is 
Plant Physiology i.e. 65 articles (8.02%). It has obtained rank 4 in 
first level study. The third rank periodical is Physiologia Plantarum in 













































































































































































































3 Jounals Published 6 Articles each. 
3 Jounals Published 5 Articles each. 
3 Jounals Published 4 Articles each. 
6 Jounals Published 3 Articles each. 
24 Jounals Published 2 Articles each. 
46 Jounals Published 1 Articles each. 
76 
DVC Product SAN JAY 
RANK LIST OF CITED AUTHORS 
Tabie-12 shows the ranked list of cited authors. According to 
the table most cited author is ALONl (RONl), who contributed 32 
papers. The rank of this author is I. This author correlate with the 
author study of 1st level, & has obtained rank 7 in the 1" level. 
Similarly. JESCHKEN (W.DIETER) obtained rank Ilnd in second level 
and rank 1 in 1st level. The Illrd rank author is ROBERTS (AG), 
contributed 21 cited papers. 


































































































































































































1 Author contributed 10 Articles 
2 Authors contributed 9 Articles each 
2 Authors contnbuted 8 Articles each 
2 Authors contnbuted 7 Articles each 
3 Authors contnbuted 5 Articles each 
6 Authors contnbuted 4 Articles each 
21 Authors contnbuted 3 Articles each 
54 Authors contnbuted 2 Articles each 
371 Authors contnbuted 1 Articles each 
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hi-v^s-
CHRONOLOGICAL ANALYSIS OF CITATIONS 
The citations were sorted in the chronological order. It was 
found that earliest citations dates back to the period 1911-35. In this 
period no's fo articles is 4. Increase there up to 1986-90 is 204 
articles. This is the maximum no's of articles. In 1991-95 and 1996-
98 no's of articles are 169 and 43 . 





















































































































































































































DVC Product SAN JAY 
HALF LIFE PERIOD 
Half life is a mesutre of the growth of a discipline. In other words, it 
also indicate the rate of obsolescence of a discipline. 
Citing half life:-
The citations are arranged chronologically as in the table and the 
half-life is calculated. There are 810 citations during 1989-99 in the source 




























































The cited half-life of literature is 13 year. 
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APPLICATION OF BIBLIOMETRIC LAWS 
After the analysis and interpretation of data the next 
step is the application of bibliometric laws by the help of 
the results of analysis of collected data. 
Laws of Bibliometrics:-
(i) Bradford's Law of Scattering 
(ii) Lotka's Inverse Square Law 
(iii) Zipf's Law of Word Occurrence 
(iv) Price square Root Law of Scientific Productivity 
Bradford's law of scattering:- This law states that "if 
scientific journals are arranged according to their decreasing 
productivity of articles on a given subject, they may be 
divided into a nucleus of periodicals more particularly 
devoted to the subject and several group of zones. Each 
zone have nearly same number of articles". 
The formula is Imm^ where 1 is the number of 
periodicals in nucleas and n is a multiplier. 
On the basis of this law, I have chosen all the 
periodicals (238) and divided them according toe their 
frequency of occurrence. The first 11 periodicals contained 
325 articles. Next 38 periodicals contained 352 articles and 
remaining 189 periodicals contained 309 articles. 
80 
























From the table It is clear that 11 periodicals have 
c o v e r e d 
l/3of the total items, next 38 journals have covered 
another chunk of 1/3 items and 189 journals also covered 
next another 1/3 items. 
As the nucleus zone contains 11 journals followed by 
38 journals in second zone and 189 journals in third zone, 
the zones thus identified will form an approximately 
geometric series. 
11:38:189 
here 11 x 4= (Approximate 38) 
1 1 x 4 x 4 = 176 (Approximate 189) 
therefore, 11:11 x 4:11 x 4 x 4 
Substituting 4 = n 
Then we get l l : l l n : l l n 2 
ie. I:n:n2 (where 1 is number of journals in the nucleus and 
n is a multiplier) 
Thus Bradford's Law is proved broadly. 
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DVC Product SAN JAY 
The number of journals in the nucleus and in other 
zones can be obtained by plotting f(r) and log n on semi 
logarithimic graph paper (a bibliograph). Where f(r) is 
cumulative frequency of fource items, and log n is log 
of rank of journals as shown in the graph. 
Lotka*s Inverse Square Law:- This law states that, the 
number of scientists who contribute n papers wll be 1 / 
n^ of those who contribute only one paper. 
During the present analysis it was observed that the 
1965 authors have contributed 986 items. Out of the 1965 
authors only 439 authors have contributed more than one 
paper and rest 1526 authors conributed one paper i.e. 
single contribution. 
However according to Lotka's law single contribution 
should account for 60% of the total. 
Lotka's law was applied to know the number of 
scientists contributing 2 papes, 3-papers and 4-papers 
respectively as given below: 
1 Scient ists contributing 2-Papers:-
As we know that the number of authors contributing one 
paper is 1526. 
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Therefore, no. of scientists contributing 2-papers may 
be concluded by the formual. 
No of scientists contributing n paper = No. of Scientists Publishing 1 Paper /n^ 
= 1526 X 1/22 
= 1526/4 
= 381.5 
Thus, no. of scientists publishing 2-papers is 381. 
However, an analysis of the data shows that only 228 
authors have contributed 2 papers, which is far less than 
the figure of 381, obtained by applying Lotka's law. 
II. Scientists contributing 3-papers;-
Apply the formula = l/n^ 
= 1526 X 1/32 
= 1526 X 1/9 
= 169.5 
During the analysis it was found-that only 108 authors 
have contributed 3-papers each which is far less than 169. 
scientists contributing 4-papers:-
Apply the formula = l/n^ 




No. of authors contributing 4 papers = 95. The analysis 
of the actual data shows that only 38 authors contributed 
4-papers wich is again far less then calculated figure 95 . 
It may therefore be concluded that the trends of 
research now a days have changed as compare to the period 
when Lotka's law was formulated. The reason may be that 
in modern times single authorship is decreased and joint 
authorship is increased. That is why on the basis of analysis 
of the present data it is difficult to testify the Lotka's law. 
Price square Root Law of Scientific productivitv:-
This law states that "half of the scientific papers are 
contributed by the square root of the total number of 
scientific autohors". 
Square root of scientific authors = J 1965=44 
Half of the scientific papers = 986 /2 = 493 
According to law 44 authors should have contributed 
493 (50%) scientific papers and rest of authors contributed 
next 50% scientific papers. But, after analysis this is found 
that 44 authors have contributed 381 articles. So the law 




The bibliometric study is done on the plant tissue: phloem. 
The quantitative analysis pertaining to books or documents is 
applied in this work. The whole analysis is done at two different 
levels. 
In the first level the data is analysed to find out the year 
wise distribution of articles, core journal, most productive 
author, country wise distribution and the most popular language. 








































The year 1999 has the minimum number of articles because 
some of the references of the topic are not covered by the 
Biological Abstract of 1999, and will be published in respective 
of volume of biological abstract. 
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Ranked List of Journals 
S.No. Rank 













Journal of Experimental Botany 
Planta (Heidelberg) 
Annals of Botany (London) 



























In the cited part we have given rank of authors, rank 
of journals, forms of cited documents, cited year and half life 
of literature. 
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In the citation part, study of cited authors correlate with 
the study of authors in the first level, e.g. Aloni (Roni) and 









Form of Cited Documents 













Name of Journals 
Journal of Exp.Botany 
Plant Physiology 
Physiologia Plantarum 





In the citation analysis, it si found thai some of the 
cited journals correlate with the study of journals in the 
first level. E .g. Journal of Exp. Bot.,Plant F'hysiology and 
Physiologia Plantarum had obtained the rank 1, 4 and 6 in 














Half life of the literature is also analysed. 
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